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PREFACD

AUTHORIZATINON

Specific directives.for this investigation were
issued in Buord 1tr Op-16-Z L11-1/EF7L of Decembep 20,
1942,

v OBJECT
—+e—make g complete chemig&égand netallurgical
examnination of”fragmentéf??%ﬂ*a Jor caliber Japanese
projectlle {6#E—Now#63); -and—+fposstteto-TEREa

-peeans;ructtun—et.tha.paojeeO*%o.
SUIGIARY
\

AN A

These fraguents haue—been identified as parts of
an 8-~inch common projectile having a flat nose and a
small conical cap.e It appears that this cap can easily
be lost on water ihYact thus transforming an otherwise
conventional projectile into a flat-nosed projectile
with a predictable under water trajectory. The weight
Of the loaded and fuzed proﬂectile has been calculated

to be 251 pounds of which 77 comprlses the bursting
charge,

It is shown that this projectile was forged from
A snall ingot of chrome-nicicel electric furnace steel,
annealed, rough machined an¢ given a conditioning heat
" treatment., After conditioning, the projectile was
decrementally hardened.h
'Y

The projectile car..ied a fuze of the impact delay
tvyve, having a simple design and functioning by shear
Pin acticnge lolten brass is used to braze the knobbed
head of thg:firing pin between two brass shear plates
which are firmly fixed in the fuze body., On impact this
knob shears past the cast metal thus allowing the pin
te move forward to’ strike the primer, :

A complete reconstruction and a drawing of this
fuze is presented.NT
¥ :
The gun which fired this projectile had a deep
hook-section rifling with uniform twist. A complete
deseription of the rifling is presented together with

& comparison with various United States 8-inch naval
guns,




Following th: completion of this investigation,
fragnents of a similar projectile were received. The
fragments or' this latter projectile confirm the recon-
struction prcsented by tnls report.
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I LiPPRUDUCTINN

The U. S. S. SALT LAKE CcITY was struck by &
na jor callber projectile in an encounter with the
wnemy in the Pacific arca, The attack was carricd out
at 5000 yards rang: and 060 reletive bearing. The
projeetilc struck at Frame 48, 14 inches above the
sccond deck and penetrated one layer of 35 pounds STS
backed by 18 pounds HT3, struck the second dcck 66 inches
along the¢ line of r14ght and ruptured two deck platings
for a distancc of 5 feet (L0 1bs, 37s) then continued
to strike a longitudinal channel 10" X 3.45" X FhO"
(21.9 1bs. STS) 3 inchcs below the sccond dcck. The
projectile was stopped at this point and 1t fell strik-
ing the flange of an wI" peam and the top of thc under
botton tank whcere 1t exploded. The distance from
impact to cxplosion was 40 foet., The penetration wes
nelean hole" with edges bent. in-board. ‘

The fragments from this projectile were for-
warded to the Naval Proving cround for examination;
¥Fig. 1, NPG Photo No. 607 (APL) shows the nature of
tho fragmentation and condition of thesc fragrients when
reccived by the Armor and Pro jectilc Laboratory.

Fig. 3, NPG Photo No. 609 (APL) shows a detniled view
of the peculiar flat nosc and pointed cap of this
projestile; -these two components together with the base
plug (Fig. 2, NPG Photo No. 608 (APL)) were recoversd
practicnlly undamaged. The following markings were
Tound on the¢ projoetiles

Cap: 17 AP lh-éE%O, 2448
Base Ring: NCSZ'\ & 94,86
Base Plug: NCS ‘@ b ¥ 9uBb

Booster Adaptor: @ Q 5L85
11 INVZSTIGATION OP PROJEC u?t

(A) ‘RECONSTRUCTICK

The first phase of the investigation con-
sisted of cutting sclected fragnents into slices rep-
resentative of thelr original cross scetion. Fig &,
TG Photo No, 630 (APL) shows the complcte assembly of
sliccs from which further data was obtained. TFrom this
nssenbly the projecctile was definitely identified cs
being of 8-inch csliber and as having a large bursting

charge.

The cap and nose are scen to have conjunc-
tive flat surfaces devold of interlocking; the stud
noles in the cap attest that the probable nethod of
nssenbly was to screw the cnp into the windshield fol-

"







lowed by screwing the windshield plus cap to the noss =
thus thc cap is retained to the nose solely by the wind-
shield ring. Further {intercsting features are the usc
of two rotating bands and of boat tailing. It was notcd
that these rotating bands showed practically no fringing.

PG Drawing 101 (APL) gives a complcte

A rcconstruction of this projectile %inside back cover).
All dimensions which are given without qunlification
have been eeccurately determined by actual measurcnent;
d:mensions which have becen arrived at by analogy are
deseribed as being "approximate".

By refcrence to Fig. 4, NPG Photo llo. 630
(APL) it can be seen that the dimensions from the tip
of the cup to the center of the body are accarately
nscertalnable.

continuation of the nose profiling to the
profiling on the first fraogment was used to determinc
the position of this fragment and the distance fron the
nose to the forward bourrelet tracing. Thoe side frag-
ment gives a complete eross section of the bourrelet
(length of the bourrclet 1s indicat:d by arrows); thus
allowing the third fragment to be accurately located
since its forward part shows tho bourrelet back tracing.

The dimensions from the basc t0 the genter
of the body could likewlsc be accurately ascertained.
Tho bnse ring is complete and includes a portion of the
rear band score notch, thus allowing accurste locating
of the, rotating bands. The distnnce between rotating
bands is given by the fragment which carries both band
scorc notches - the pocition of the ad joining body frag-
ment 1s thus fixed,

All dinmensions of the projectilc were thcre-
fore nccurately obtained, with the exception of the over-
111 body dimcnsions. The body dimensions noted on the
4 drawing werc arrived at by analogy and by further con-
siderations of profiling; while these are ndmittedly
approximations, it is belleved that they are fairly
agourate.,

Calculations made to determine the weight and
capacity of tials projectile are given in Appendix (A).
The total weight was found to be approximately 251 pounds.

(B) CHEMICAL ANALYSIS

The analyscs reported here have been Ob=-
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ption of those

taincd spectrochemicnlly with the exce
dctermined

of carbon, phosphorus and sulphur which were
by standard ochemieal procedures.

c P 8§ M 81 Ccr M
Cap .61 .007 .005 .20 .25 2.18 2.87
Body .63 ,007 .00L .20 .25 2.15 2.80
Base 2lug .26 .026 ,027 .65 «30 62 3.30
Rotating Bands Purc Copper
Gaskets Pure Copper

Spectrochemical analysis showed no traces

of molybdenun, vanadium, tungsten, titanium, copper, boron
or zirconiunm 1n any of these¢ stcels, The very low phos-

phorus nnd sulphur content of thesc steels indlento
they werc mnde by clectric furnace practice.

(C) HMACROETCHING

Etching with hot acid showed that this
projcetile has coxceptional soundness and freedom from

scgregation of non metallics. The lack of definite
flow lines and the presence of small dendrites indicate

that the projectile was forged from a small ingot and
the eavity was formed by horing.




UCTURE OF DBASE PLUG.

Carbides in a matrix
gf territe.

HARDNESS 2t R.C.

JAGNIFICATION 700X

WPCHED: Picral + liltal

“hotomicrograph MA7

STRUCTURE OF FUZL ADAPTER.

Carbides in a matrix
of ferrite. Quench
and temper structure.

HARDITESS 23 R.G.

TAGHIFPTICATION TR0 =

5

TTCHIN:  Picral + lital.




Spheroidal carbides in
a natrix of ferrite
and tempered martensite.

HARDIIZSS 35 B.Cs

HAGHIFICATION 850

LTCHRD: Picral + Nital.

Ihotomicrograph ML5

STRUCTURE OF BASE RING.

Spheroidal carbides in
a matrix of ferrite.

HARDIESS 20 R.C.

{{AGNIFICATION 850X

Photomicrograph tikh
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3TRUCTURE OF CAP.

Spheroidal carbides in
a matrix of tempered

martensite.
LIAGRIFICATION 850

cral + Nital

fte

ETCHED: |3

Thotomicrograph Ii42

STRUCTURA COF NOSE INTERICR

Spheroidal carbides in
a matrix of tempered

martensite.
JARDNESS LO - L5 R.C.
MAGIUIIFPICATION 850X

ETCHED * Picral + Nital.




(D) HARDNESS SURVEY.

A systematic hardness survey was miade on
the polished ground surfnce of the slices shown in
Fig. 4, NPG Photo No, 630 (APL). Results arc given by
hardness contours on a scaled cross scction of the
projcetile inecluded in NPG Drawing 101 (APL). (Inside
of back covor,)

Ths cap is sccn to be uniformly hardencd
to 50 R.C. (67 Shore)., The nosec has been deccrementnlly
hardened to 50 R.C. (67 Shore) on the¢ surfacc, and
40 R.C. (55 Shore) at thc cavity, while the body and
basc ring arc 35 R.C. (50 Shore{ and 30-20 R.C. (45-35
Shore) respeetively. The base plug 1s 25 R.C. (4O Shore).

(E) 1{ICROSTRUCTUR.:E AND INDICATD IZAT TREAT!ENT

The microstructures as shown in photomiero-
graphs 142 to 48, are typleal of quench and tempered
stcels of this analysis and indicated hardness. It is
cvident that this projectile has been decrencntally
hardencd and then base drawn,

The following heat treatment 1is decduced
. from the nicrostructurc and the hardness survey.

(A) CONDITIONING TRJATIIENT.

(1) Soak at 1500°F followed by a timed
watcr quench,

(2) Draw at 1200°F followed by a water
! quench to cold.,

(B) HARDENING TREATHENT.

(1) Imnersion in a lead pot at 1450°F to

. within onc inch of base for approximately
30 ninutes, followed by 2 timed wnter
v quench, "

(2) Draw at 600° - 650°F,

(3) Base draw by slow immersion at 1100°F
: in a lead pot, base first, to within
four inches of nose, followed by a water
quench to cold.

. i




The following heat treatment is indicated
for the cap:

HARDENING TREATMHENT.

(1) Heating to 1450°F, followed by 4 timecd
water quench.,

(2) Draw at 600° - 650°F; water quench.,

The following heat treatnent is indicntcd for ihe
base plug:

SPHEROIDIZING TRIATNT.

(1) IHeat to 1450°Fand water quench.

(2) Draw at approximatcly 1000°F,




TABULATION O CIZIICAL ANALYSIS OF

Conponent

Fuze Adapter
Fuze Body
Firing Pin
Spacer

Booster Adapter

Impact Shear

Sectiuns

Set Dack Plate

Locking Plug

Firing Train

Cast Lietal
(See Table B)

&
.30
.32
«29

«31

Cu

P

.010
021

.010

Zn

TABLE A

Chemical Analysis +

S
.007
.026
.015

Sn

59.85 35.10 .73
59.85 35.10 .73
58,40 38,20 .28

* * Tr

%  >Tp

lin

48
.76
.12
70
062

.09
.0
HT

Tr

U7E COIPONENTS

st cx M ¥
22 67 3,60 NT
A9 .75 4.60 .09
.10 12,0 1.95 .04
23 L,51 3,75 .08
22 ,72 2.85 06
Pb Al Fe ln
,013 1,08 1.62 1.36
,013 1,08 1.62 1.36
.019 0,36 0.23 1.28
T T g P
NT ™ Yr Tr

Spaectrochemical Analvsis,

Tr
NT
*

Trace
No Tr

ace

Predoninant.

+ The steel analysis reported here have been obtained
spectrochenically with the exception of those of
carbon, phosphorus, and sulphur, which were deter-

nined by standard chemical procedures,

No traces

of molybdenum, tungsten, titanium, copner, boron
or zirconium were found in any of these steels,




TABLE B

TABULATION OF THE lARDNESS AIID MICROSTRUCTURE
' OF FUZE COMPONENTS.

Conmponent Hardness lilerostructure

Fuze Adapter v26 R.C, uench and temper; carbides
in ferrite,.

Fuze 3ody 26 R.C, Auench and temper; carbides
in ferrite.

Tirlioe Bk 30 R.C. "uench and temper; carbides
in ferrite.

Spacer 35 R.C. Nuench and tenper; carbides
in ferrite,

Booster Adapter 30 R.C., Quench and temper; carbides

in ferrite.

Impact Shear Sections 91 R,.B, l Alpha in a Beta matrix;

Set Back Plate 91 R.B. structure formed by furnace

Locking Plug . 86 R.B. ) cooling a manganese bronze.,

Firing Train 88 R.B.

Cast lletal * -- "Primary Alpha'in a matrix
of.smalladlphey.and - Betia .

gnaing’ " strueture.formed
on chill freezing.

* Note: The distribution of components in the micro-
structure indicates that this alloy has a
nominal composition of approximately 38
zine; the presence of tin (spectrochemically)
in appreciable amount makes it oulte certain

- that the alloy is a Tobin bronze which 1is

widely used as brazing rod. Tobin bronze
is a carefully processed Muntz metal con-
taloing .5 to 1% tin with approximately 385

zinc and the remainder copper.

-




ITI IIVISTIGATION OF FUZE.

(A) RECONSTRUCTION

The fuze, while considerably danaged by
detonntion, was found to-be complete in all of lts
conponcnt parts, Flg. 5, NPG Photo No, 664 (APL) shows
a dcop ncid etched cross section and NIG Drawing 102
(APL) is a reconstruction of this fuze. A1)l corponent
prrts are indicated and dimensioned on this drawing.
imile slight discrepancies may possibly exist in sone
of the indicated contours, it is bellieved that this
drawing is an accurate representation of the fuzc assenbly.

(B) OF CHIMICAL ANA

id

LYSIS, HARDNESS

TABULATION

4

Tables A and B 1list the chemical analyses
hardness nnd mierostructure of the fuze coriponents.

(C) DISCUSSION OF FUZE.

ASSHEIBLY. This fuze, an inpact delay action type,
comblnes extremc simplicity of design with novel fcaturcs

of agsenbly.

The close proxinmity of the firing point to
thc primer cap in this fuze, necessitntes that the firing
pin be nccurately positioned and firnly held in that
pusition. These deslderata are iseconplished by a brnzing
operation using a molten Tobin bronze (see Teble B for note,
to effcet n union butween the brass locking pletes and
the knob on the firing pin., See Fig, 8, WPG Photo No, 662

(APL) in Addends.

The actual rechanieal operation of assenbly
has been deduced to be as follows:

(1) Inserting of firing pin into teper hole.

(2) Placing of five impaot saear sectlons
into position around firine pin knob.

(3) Placing of setback retaincr plate into
position, punching of the five retaining
pin holes, and insertion of the retnining

pins,
(4) Serowing of locking plug into position.
(5) Pouring molten Tobin bronze (probably

ol
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supcr-hcented to 12-1300°¢F) into the
large locking pin hole (of locking plug).

(6) DPress-inscrting of large locking pin
while nietal is still nolten thus forcing
the molten netnl to £i11 2ll int rstices
in the asscnbly.

(7) Inscrting of firing pin - primcr spucor.
(8) assembling into fuze nnd boostcr adapters.

It is suspectod thet pouring of this rnolten alloy arcound
the firing pin knobdb would have & highly detriricntal off.et
on the mechinienl properties of the stecl, Steels of the

3 annlysls of thce firing pin show temper brittlencss nd
cannot be nllowed to cool slowly fron tcnperatures nbove
600°C without the subsequent impalrnent of thelr mpoechiins
icnl, and particulnrly oT their impact proportics. Such
a condition cxisting in this fuze should be considered
cxtrencly dangerous, Thet such 2 condition did exist wns
verified by the brittle fracture obscrved when the knob
o® the sccond fuze frocturcd on dlsassenbly. Sce ADDINDA
and Tig. 8, NPG Photo Ho. 662 (4APL),

ACTION, Thig fuzc pesscsses 2n nction c¢cgscntially
=Tnllar to thet of a shear pin, but in n forn which nakes
usc of shear pletes or fnnuiuscs instend, When the gun

is fircd the firing pin is restrained fron noving hackwnrd
on sctback by the bearing teper, 2nd tho sctback retainer
platc in the knob locking asscnbly. Sce Drawing 102 (APL).

In flight thc pin cannot crcep forwnrd since
it is locked sccurely in placce by cast notal,

on inpret the firing pin noves forward ahd
hiving considcrably nass cxcrts sufficient forcc through
the knob to shear past the enst metal locking it in
plecc. The pin is then fres to strike the primer sctting
off th. dctonetor and the delay action powder train and
conscau.ntly the nnin chargce. It rust be concluded thet

this fuze requires s relatively hcavy inpact to nake it X
function.
S50 s Obviously such a fuze nrkes a sncrifice of

Tarcty in the intcrest of positive action and sinplicity.
The shear plate arrangoenent can be considcred to be only
pnrtially bvorc-safc; any nceidental deccleration nny con-
c.oivably causc the firing pin to crcep forward ond strike

the primer - the fuze 1s cssentially arncd at all tincs.
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o nrovisions have béan medec ToF dstuonator
gafety., If the dotunator sh uld be aceidontally set

off, tine main chargs would be exploded.

&Y DIscUssIul ¥ PRCJECTILE

The most striking feature of this projeetile
1s tho use ¢f a Plat nose and a relatively insccurely
‘nstenea conienl enp. nlso worthy of nott .are the u\sa
of »n nigh percentage of filler, two rotating bands and
bont tklllnL. The nost i DULtint charrctoristies are
conparcd in Table C to thosc y# various 8-inch coryon
projectiles usesd by th United Statcs Bavie.

The design of this projuectile seens &xe llent
for eonventional usc ’C”Lnst Lightly vrmersd t1 polié s
however there is the possibility that this prol gl
pay nlso hhva been ﬁ«*1uw<d for uss agninst hanvily
rriorcd vessels by underwet.r ottocex of phedz Yight
arnor.  Tn such an attask the windshicld is rippea o
thus also renoving the enp ond transforning this eapped
pre jectile 1o & flat noncd projectile, Such n design
could nlso explanin the use of ¢ r,‘ﬂflvblj insensitive
fuze, which would provent detonation on inpact with

‘.l"‘it & .

A CHARACTIRISTICS OF GUHN,

Pragrents fron the bourrclul gnrricd very
sharply defincd engravings of the pifling 004™ ,001%
\her; S }.1 6, NPG Phioto No, 669 (J\AI) licasurc=-
nents of thcse ¢ngravings togvthcr with othur rncasure=

‘nts taken from tho ongrvings on the rot ting bands
(which were excellently pres served) woere used to deter-
Cine o nunber of nuzzle characteristics o¢ this gun,
~hese charactoristics, together witn conparisons ti
those of various Unitcd Stotes A-inch naval guns, arc
pe given -ip Tuble Do Ver ghsoulations 4@ “Janle Ee

The use of two rotating bande end the olegr out

engroving lefu con then indicetts th“t tEis sun hae

unitorn twist. The deep grooves (15 of caliber is con-
sidered seximw: in general usnge) indicentes 2 high

prossurc gun with hig rotntionnl valocity for the
projegtilds

"\"V'VY""T"
\‘..L I e BIRCN

v

(A) PRUJECTILE VEICHT CALCULATIONS.

These cnleulntions to detornine the wolpgits

il o s Y
i ——_— i — g T & ——y . T -




und caprnelty of this projuetile are brosed on the dincn-
sions given im KPG Drowing 10) (APL). The density of
the steel is teksn ns ,283 lbe. pcr oy, in.

Woight of Charge. The forward portiun of the cavity can
b assuried to be n volune gonerated by the revolution of
one-half of an c¢llipse nbout its nnjor axis (prelate
spheroid). the rear porticn of the eavity is knowm to
p6 a8 cyiinder,

-y

1/2 Volune of prclate spheroid = 12 B % ¥ WK Vnls
X 2,8852 =128 ouy. ing

Volune of ecylinder = artl
¥ = x 2,875% x B.25 = 2.4 ou. in,

The wolume of the fuze g assined =0 &U

g9 e, iha ponee the totel volumd ocoupicd. by stlip clinres
15

108 s 2l '« G * 330 eus 18
Asswiing the filler {o bo-éxplosive "D": having &8 dénsity
of 0535 "1bs. peF ', M, Tae t90al welghe O, GRE

bursting charge is then round to be 0535 x 330 = 17.6
O fan}
pounds,

\ieight of RBase Plug. Volunie of bass plug *= ﬂ’rzt

=Y x 2875 x 2.8752 = 75 oy, in

Welalt oOf base plug 75 % 283 = 21,2 pounds,

Weight of Chp. The cap is assunmed 1o be & CvlE With o
neight of 2.75 inches and ¢ base of 6,25 inches (~llow-
nrnde 1s wmde on the base to ciOrreet fOr actual gurvwature
on the sides).

-
S
[

; 1/3Wr2h

1/3 xH % 3.125% x 2.75 = 22 u
Welght 28 % #0283 = 7.9 poundss

Actunl weight of cop with a few chipped
fragnments missing was 7.5"pounds,




velcsht of projectile Body. The body of the projcetile
Tor = distnncc oF 13.125 inches fron the bas is known
to be 1 cylinder, The volune VC =% r2l
o s 4
Ve =ff * b= x 18,125 # 915 eus in.
i The forwnrd porticn of the projeetile cnn be asswied to

bo a prolate spherolid with nxis of 7.5 ~nd 3.75 inchus,

1 4
v ' 9 Jall oo b2 0¥
Doy )
)
= 1/2 LY 7.5 x 3.75% =221 cu. In.
mhe total volunc of the projectile body 1s then G15 plus
221 Mminvs 75 (base plug) ninus 330 feavity) rdpus ¢8 (erp)
or 694 cu. in. The weight of the weie 1s why
694 % 283 = 196 pounds
ljcight of Windshicld., It is nesuncd that the volune of
The windshicld is riade up of o solid boundud b two
concs 8 and 7.625 inches high ~nd with disnetars 6,125 and
) 5.75 inchos Pespectively, Tiite Foluny fs 9Vag s i8e ThM
weight of the windshicld is then
- 9% 283 = % B P st Ey
Heigbt of Botating Baends, The velunie of the bands 1is
1Tmde up Of two rings etch he¥in® & volume V& 2r | { @0
where a and b oare the thickness ond width of the rings.
7
v = 221?’2 ol Eels & 14225) = 90.8 80 -
The weisght of the bands arc then
i0.8 3 .52 = K% HUuNGEs
- Total Weight of Prejectilits
: Projcetile Body 196. pounds
Cap i
Base TMlug S

3
Windshield 2
Rotating Bands U
Eatinetioh of TPuze 2
Burating Charge o

3 Total Weight 2512 poundss

B . D P W] (g— . T r— RN T T e .



CALCULATION OF QUN CEARACTERISTLICS,

2 Py T
Viok .141-'_)1.; ? -

Angle of the Non-Driving fdge, The angle of the non-
driving c¢dge 1s rormed by thce hypotenuse nnd base of n
trisngle having & base equal to the length of the hook
slope and an altitude eguil to the depth of grouve,
sctually this represents the chord across the cxisting
large radius fillet,

208 = 1,60
.05
angle @ = 58°,

tan 6

(!

N
~J

Grooves per inch, Five grooves werc neasurcd in

Inehes s

Total nuiben,af @rodvas = &

Totnl muber of grooves = 46
e

1

Muaber of grooves per inch of caliber u€
5
Twist in Calibers por Revojution, Meesubement of thE
slope of the bourrelet engravings was .15%,005 inches
per inch. The pefeérence nornsl wes taken as parallel
the lathe narks ofh fhe pocjectiley The hunberd of e=lis

bers per revolution then eguml to

1l = 21’/@_ or 21,
[

PRpP S

The angle of twist @ = has 2 tangenl #qual to =

AL95 of Beb%

&, L
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VII ADDELND.A .

after conpletion of this rcport fragnents were
rceceived of a projectile which had struck the UVsSabs
SOUTIH DAKCTA; Fig. 7, NOG Photo No. 661 (A Ll) shows
the condition of thesc¢ fragments when reccived. Qi picece
of honogeneous armor of =mpproxinatcly 3-inch thickness

was found anong tlese fragrents, Th¢ ¢2p was not
recovered,

The fragnents werc identified ns belonging toc n

projectile identicnl to the one herein described and
confirred thc rcconstruction of this projectile 2nd
fuze. Only onc ninor difference could be found; the
of the firing pin in the second fuze reecovered wag
found to be blunt instend of pointcd ns shown Ia 116G
Drawing 102 (APL) of the first fuze All oth:r o.uponcnt
arts snd riethods of asscnbly were round to U~ Idaptionds
Fig, 8, NG Photo llo. 662 (4APYL) shows this fuz. fu_lowing

disasscrnbly.

head

The following narkings were found on the booster
adapter

39387 ¥ 1583,

4
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